Abstract-An optical tomographic diagnostic instrument has been fielded at the Dual-Axis Radiographic Hydrodynamic Test Facility at Los Alamos National Laboratory. Four optical lines of sight create projections of an image of an electron beam on a Cerenkov target, which are relayed via optical fiber to streak cameras. From these projections, a reconstruction algorithm creates time histories of the beam's cross section. The instrument was fielded during and after facility commissioning, and tomographic reconstructions reported beam parameters. Results from reconstructions and analysis are noted.
T HE Dual-Axis Radiographic Hydrodynamic Test (DARHT) Facility at Los Alamos National Laboratory is designed to record high-speed radiographic images of explosively driven hydrodynamic events, via illumination with X-ray pulses that occur within a 2-µs envelope. These pulses are generated by focusing high-power electron beams onto converter targets. Kaufman et al. [1] gave design considerations for a time-resolved optical diagnostic for creation of time histories of these beams. The instrument was designed, fabricated, calibrated, and fielded. Frayer et al. [2] discussed system characterization, integration, and experimental results.
Four optical subsystems, each consisting of a photographic zoom lens and a cylindrical lens, view from four angles Cerenkov light produced by the electron beam on a diagonally oriented target frosted to isotropize the emitted light. Cylindrical optics image spatial information in one axis, while integrating light in the orthogonal axis, and are rotated at 0°, 45°, 90°, and 135°about their optical axes, thereby capturing 2-D images with four unique 1-D projections. Projections are relayed by linear optical fiber arrays to chargecoupled device (CCD)-coupled streak cameras, with a time resolution of 2 ns over a total window of 2 µs. A turning mirror allows viewing of the target or a calibration system. Software reconstructs a 2-D time history of the electron beam from the four projections and calibration data. The system needed to measure elliptical beam profiles to the following accuracies [2] : 1) centroid to ±10% of radius for beam radii of 1-5 cm; 2) rms radius to ±10% of radius for beam radii of 1-5 cm; 3) ellipticity (the ratio of minor to major axes) to ±10% of actual value for noncircular ellipses; and 4) angle of the ellipse relative to beamline coordinates. Characterization tests did not determine centroid location accuracy, but found accuracies of 95.4% ± 3.2% for radius and 91.8% ± 0.97% for ellipticity. The instrument operated on 138 beam shots from February 2008 to February 2010, and histories were used to tune the DARHT beam line. During 44 shots, a PI-MAX single-frame intensified CCD camera also imaged visible light from the back of the target. Results from these are discussed in [3] .
Images with the same starting time and effective integration time as for the PI-MAX images were created from time histories. Correlated image pairs were compared via rms radius and ellipticity. Representative pairs are shown in Fig. 1 . Calculations corresponding to performance requirements were compared after correction for changes in the PI-MAX configuration. The majority of beam profiles departed significantly in complexity and shape from Gaussian elliptical profiles, which were specified in the design and assumed by the reconstruction algorithm. These departures violated this assumption, resulting in reconstructions with relatively high accuracy, but less than desirable precision: 1) reconstructed versus measured rms radius was 93.4% ± 25.7%; 2) angle was accurate to 0.2°± 23.6°; and 3) ellipticity was 117% ± 86%. Despite the violations, reconstructions were qualitatively accurate, as shown in Fig. 1 . Because beam parameters were significantly outside of expected parameters, it is not possible to determine whether performance quantitatively met requirements; nevertheless, qualitative fidelity proved essential to beam tuning, and indicates a level of robustness that is desirable in dynamic beam-tuning sequences, when beam behavior may be unpredictable. 
